Histochemical examinations of muscle fiber types by Sudan black B staining were made on m. biceps brachii of male and female white-handed gibbon (Hylobates lar). Three types of muscle fibers could be discriminated in terms of the reaction to the pigment and the cellular diameter : red muscle fiber (type I) with a positive reaction and a small diameter ; white muscle fiber (type II) with a weak reaction and a large diameter ; intermediate muscle fiber (type III) with an intermediate reaction and diameter.
on the musculoskeletal gross anatomy of the upper extremities in the ape (e. g. OXNARD, 1963) . Also partinent in this context, however, may be an analysis of the morphophysiological features of the muscle tissues. It has been well-established that there are at least two types of fiber cells composing the skeletal muscle : red muscle fibers (Type I) involved in slow and tonic contraction and white muscle fibers (Type II) involved in fast and phasic contraction (OGATA, Article No. 8505 Received March 27, 1985 . 1958b BEATTY et al., 1963; BOCEK & BEATTY, 1966; BEATTY et al., 1967; HER-BERT, 1967; ASHMORE & DAERR, 1971) . From the enzymohistochemical as well as biophysical reaction of muscle fibers, the presence of muscle fibers intermediate between Type I and Type II has been also revealed (EDGERTON et al., 1967; MORRIS, 1970; KIKUCHI, 1973) . Using the lipoid stain Sudan black B, by which the lipid content of the myofibrous sarcoplasm can be estimated, we have discriminated three types of muscle fibers in the limb muscles of the macaque (KIMURA et al., 1979; ITo et al., 1979; . As for the apes, however, no attempt of analyzing muscle fiber composition seems to have been done so far. The present study was designed to elucidate the myofibrous organization of the upper limb muscles as an adaptation in the ape to the bimanual suspensory behavior.
Accordingly, subject was the gibbon, a specialist of this acrobatic behavior, and samples were collected from the biceps brachii muscle, a elbow flexor that is likely to participate in the brachiation.
Materials and Methods
Materials were obtained from two adult white-handed gibbons (Hylobates 1ar), one male and one female (Table 1) . The resected m. biceps brachii were fixed in Baker's solution and washed with water.
Both the caput longum and caput breve were cut (10 mm thick) at the maximum venter. These sections were embedded in 10% gelatin.
Lyophilized slices 20-25 * in thickness were prepared with a Sartorius type of microsome, and immediately they were stained with Sudan black B according to Lison's method.
About tenfold magnified photographs of the muscle tissue specimens were prepared. Scanning lines were plotted along the sagittal axis (Y-axis) and the transverse axis (xaxis) along the polarity of m. biceps brachii. The caput longum sections were divided equally into external, intermediate, and internal parts, and the caput breve sections into external and internal parts (Fig. 1) . Under a microscope, an ocular micrometer of 100 * on each side was placed at the intersection of the Y-axis and X-axis. The muscle fibers were classified into three types as described below. By means of the micrometer, the three types of muscle fibers were scannned continuously along each line by changing the position of a crusiatelymovable stage in microcope.
In the determination, the cells outside of the lines in the left side and in the upper side of the micrometer were excluded from the count. In contrast, the cells outside of the righthand and of the lower base lines were counted. Thus, cells weae always counted in the same way. A schematic presentation of the examples is shown in Fig. 2 . 
A) Historogical findings of muscular tissue
The cross-sectional features of the muscle tissues stained with Sudan black B revealed that muscle fibers with different diameters reacted selectively to the pigment, enabling a classification of the three types of muscle fiber cells (Photo 1). Red muscle fibers (Type I) with a small diameter particularly were found to show a highly positive reaction.
The sarcoplasm of the red muscle fibers contains a large amount of lipid, and it has been shown by electron microscopic findings that many large mitochondria are located in the sarcoplasm.
The positive reaction to the pigment of red muscle fibers conceivably resulted from the synergistic and selective reaction to the lipoid stain, Sudan black B, of lipids in the sarcoplasm Photo.
1. Cross-section in M. biceps branchii of the white handed gibbon by Sudan Black B staining * 400.
S : red muscle fiber, I : Intermediate muscle fiber, W : white muscle fiber.
and phospholipids sticking to the cristae and matrices of the mitochondria. In contrast, white muscle fibers (Type II) with a large diameter did not react to the pigment.
A very small amount of lipid is contained in the sarcoplasm of white muscle fibers, while a large amount of glycogen is contained in it.
Unlike the red muscle fibers, mitochondria in the cells are small and few, resulting in the fact that white muscle fibers showed the weakest reaction to Sudan black B among the three types. muscle fibers, however, was confined to specimens located in the proximal region of the sulcus bicipitalis medialis in m. biceps brachii of the female gibbon. As for muscle fibers in the other regions of the same specimen, a general classification of the fiber types was applicable.
B) Location and distribution of muscle fiber types Fig. 3 shows histograms of the crosssectional distribution of the muscle fiber types. The frequency (°o) of each muscle fiber types was plotted for each scanning line of the tissue specimens.
Since the localization of fiber types was not observed along the sagittal direction of the muscle, only the transverse distribution of the types is illustrated.
1) Frequency of white muscle fibers
For this type of muscle fiber, both sexes showed a high frequency in the external part ; 31.7% (male) and 33.5% (female), on the average, for the caput longum, and 29.6% (male) and 35.3°o (female) for the caput breve.
Thus, the frequency was slightly higher in the female than in the male.
The In general, the distribution frequencies were uniform, about 28%, among the sites, suggesting no specific localization of this type of fibers.
3) Frequency of red muscle fibers Among the three types of muscle fibers, red muscle fiber shows the highest frequency. For the caput longum, the mean frequencies were 39.6% (male) and 43.4% (female) in the external part, and 40.7% (male) and 46.4% (female) in the intermediate part, and 53.8% (male) and 46.2% (female) in the internal part.
Those for the caput breve were 41.8% (male) and 38.6% (female) in the external part and 49.6% (male) and 43.1% (female) in the internal part. The frequency was thus higher by more than 15% than that of white muscle fibers in each site excluding the most external portions where the frequency of red muscle fibers was slightly lower than that of white muscle fibers. The frequency exceeded 50% particularly in the internal part of both caputs of the male.
Thus, localization of red muscle fibers in both caputs increased in the internal region adjacent to the sulcus bicipitalis medialis of m. biceps brachii, showing a distribution frequency that contrasted with that of white muscle fibers. C) Numbers of the three types of muscle fiber By means of a square ocular micrometer of 100 *on each side, muscle fibers in the cross-sectional area of m. biceps brachii (mean area : 531.7 mm2) were scanned at intervals of 0.5 mm and 1 mm along the Yaxis and the X-axis, respectively. As shown in Table 2 , the mean total number of the three types of muscle fiber was 4648 cells. The number of red muscle fibers (Type I) was largest, 2049 about 44.1% of the total number.
Although the number of intermediate muscle fibers (Type III) was slightly larger than that of white muscle fibers (Type II) in the male, and vice versa in the female, there was no significant difference in the mean frequency between Type II and III. The above distribution frequencies suggests that m. biceps brachii of the white-handed gibbon is highly likely to be of the red muscle type concerned with the tonic contraction. 
Discussion
There have been many reports on the difference in contraction mechanism and histochemical specificity of the three types of muscle fibers, whose contens have also been clarified. The function of individual skeletal muscles, terefore, can be determined histochemically by correctly quantifying the location and distribution of each type of muscle fibers.
It has already been reported by JOHNSON (1973) and SICKLES et al. (1981) that white muscle fibers and red muscle fibers have a tendency to be localized in the superficial layer and deep layer, respectively, of a muscle. Enzymohistochemical classification, which is very frequently used in recent years for identification of muscle fiber types at the cellular level, has a disadvantage : the method cannot be applied to muscle tissues which have been fixed in formalin for a long time. In the present study, we adopted the histochemical method employing the lipoid stain, Sudan black B, which is compatible with the fixation of muscle tissue with formalin.
This procedure is based on the fact that each type of muscle fiber cell is selectively stained with the pigment according to the difference in the lipid content of its sarcoplasm.
The red, white, and intermediate muscle fibers classified by the present method with Sudan black B correspond to the slow-twitch-oxidative, f asttwitch-oxidative-glycolytic and fast-twitchglycolytic fibers, respectively, as suggested by PETER et al. (1972) . OGATA (1958a) and STEIN et al. (1962) recognized that the muscle fiber type classification by Sudan black B staining corresponds to that by the activity of succinic dehydrogenase, an oxidative enzyme.
This phenomenon seems to be the result of a different quantity of mitochondria contained in each type of the muscle fiber, as mentioned above. Sudan black B staining method thus seems adequate for classification of the muscle fiber types.
For the examination of the location and distribution of the muscle fiber types, it is most important to scan and quantify an appropriate part according to the shape and anatomical positional relations of the skeletal muscle.
KIMURA (1980) scanned the caput, venter, and cauda of the cross-sectional areas of m. tibialis anterior in the crabeating macaque (Macaca f ascicularis) along the polarity.
The muscle fibers in these sites showed a similar tendency without any significant difference in the distribution frequency among the sites. On the basis of this observation, the present authors scanned the cross-sectional tissues at the maximum venter of m. biceps brachii of the white-handed gibbon, and found that red muscle fibers is prevailing in this muscle. As far as the authors are aware, this is the first analysis of the muscle fiber types in the anthropoid ape.
The significance of the above observation lies in the fact that m. biceps brachii of the gibbon, despite its positive role assumed in the arm-swinging, tends to be a red, rather than a white, muscle. The observation suggests that a high power is not required for the elbow flexors in the hylobatid brachiation, and that a fatigue-resisting rather than power-generating property of these muscles is critical for the bimanual suspensory behavior. Red muscle fibers larger in diameter than white muscle fibers, shown to exist in the present materials, seem adaptive in the above context. Whether or not, however, such a feature is a morpho-physiological adaptation of the muscle to the bimanual 
